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Abstract

Introduction: Fall injuries are the second leading cause of traumatic injury and death

for all US workers and are a leading injury concern for the Department of the Air

Force (DAF). Bundled interventions can improve the likelihood of injury reduction,

especially in large, heterogeneous working populations. In 2013, the DAF im-

plemented the “Air Force Fall Prevention Focus,” a bundled intervention of pre-

vention efforts designed to reduce occupational fall injury events among DAF

members. The purpose of this study is to describe the burden and risk factors

associated with fall injuries and evaluate the effectiveness of the Fall Prevention

Focus in reducing the burden of fall injuries.

Methods: The National Institute for Occupational Safety and Health (NIOSH) part-

nered with the US Air Force Safety Center (AFSEC) to examine the impact of the Fall

Prevention Focus as a bundled intervention. Injury events included a narrative

description of the injury event, demographics, work environment, job tasks, and

other structured details. Descriptive statistics and pre–post longitudinal modeling

were used to evaluate changes in fall injury rates.

Results: The Fall Prevention Focus Implementation (2013–2018) resulted in an

annual 10.4% (95% confidence interval [CI]: 8.5%, 12.2%) reduction, and a 6‐year

cumulative 48.3% (95% CI: 41.4%, 54.3%) reduction in fall injury event rates

by 2018.

Discussion: Safety in the DAF involves a comprehensive approach. Documenting the

impact of the Fall Prevention Focus may help translate these findings to improve fall

prevention efforts in other sectors of the military and high fall‐risk industries in the

private sector, such as construction.
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1 | INTRODUCTION

1.1 | Occupational fall injuries

Falls are among the top three leading causes of work‐related fatali-

ties, annually in the United States (US).1 Nonfatal falls represent one

of the most numerous work‐related injuries2 and cost an estimated

$17 billion annually, representing 29% of work‐related injury direct

costs in 2019.3 Falls are particularly severe for workers who perform

tasks at heights, such as construction workers, maintenance workers,

and workers who use ladders.4,5 The construction industry experi-

ences the highest annual number and rate of fall fatalities compared

to all other sectors combined.5,6 Falls to a lower level are the highest

cause of traumatic injury death among construction workers, result-

ing in more than 300 deaths each year.6 Over a million nonfatal

injuries result in lost workdays for US construction workers

every year.6 Falls, particularly falls to a lower level, are a major risk

factor for traumatic brain injuries in construction workers7 as well as

all US industries.8 Similarly, falls are a leading cause of noncombat

injuries among military personnel resulting in a significant loss of

readiness,9–12 even after excluding sport and recreation falls.12 Sit-

uational fall protection is well documented to reduce injuries and

injury severity; however, a review of fall prevention strategies reveals

a shortage of multifaceted, effective programs in the literature,

especially among military personnel.13

The National Campaign to Prevent Falls in Construction was

launched in 2012 by the National Occupational Research Agenda

(NORA) Construction Sector Council. NIOSH, OSHA, and the Center

for Construction Research and Training (CPWR) lead the campaign to

reduce fall injuries among construction workers.14,15 The main mes-

sages of the National Campaign are for employers to: “Plan ahead so

that worker safety is taken into account before a job begins; Provide

workers the equipment they need to stay safe; and Train workers on

how to use equipment safely.” Beginning in 2013, the three agencies

collaborated to host an annual stand‐down with evidence‐based

communication about preventing falls in construction with millions of

participants around the world, from a variety of industries, including

the US Department of the Air Force (DAF).

1.2 | Bundled intervention

A bundled intervention with several elements of prevention methods

may improve the probability of reduced injury rates, as each indi-

vidual intervention may impact subpopulations differently. A single

intervention applied across a larger working population may be less

effective due to the homogeneous nature of a single intervention

applied to a heterogenous population. “A bundled intervention is a

group of evidence‐based elements put together into a package that

when implemented together produces better outcomes than when

the elements are delivered separately.”17 This concept was first

introduced by the Institute for Healthcare Improvement (IHI) in 2001

and has increased in popularity as a method of intervention

deployment in clinical care, behavior change programs, and many

other disciplines.16–18 The World Health Organization recommends

that interventions to be “interconnected, bundled, and tailored to the

local context.”19 In this approach, the objective is not to measure an

individual intervention component, instead to evaluate the combined

effect of the bundled package. Although a bundled intervention may

be designed to improve a specific outcome, the components could

concurrently improve outcomes in other areas due to the robust

nature of the elements bundled together. For example, a bundled

intervention designed to improve fall injuries may concurrently

reduce lifting injuries due to improved hazard analysis.

1.3 | Air force fall prevention focus, a bundled
intervention

The mission of the Air Force Safety Center (AFSEC) is to prevent

noncombat injuries and preserve combat capability by implementing

prevention programs and promoting safety awareness across all DAF

civilian and military personnel. Due to ongoing rates of fall injury

events and the high severity of events, the DAF has prioritized fall

injury prevention with agency‐wide safety initiatives including par-

ticipating in the annual National Safety Stand‐down to prevent falls in

Construction14,20 and adapting a collection of efforts designed to

reduce fall injury events as a result of the DAF implementation of the

“Air Force Fall Prevention Focus (AFFPF).” Building on the National

Campaign to Prevention Falls, the AFSEC created the Fall Prevention

Focus starting in 2013, which designated 2 weeks each year to

provide detailed information about fall prevention and safety. Across

the DAF population including international bases, supervisors work

with unit safety personnel to develop events such as a presentation,

discussions, a guest speaker to highlight fall risks. Participants include

active‐duty Airmen, Guard, civilian workers, and leadership.

During those 2 weeks, the DAF units around the world actively

participated in multi‐component safety prevention efforts where

workers and supervisors “stand‐down” or pause to review fall hazards

in their workplace and participate in fall prevention‐related efforts.

The particular efforts are worker‐informed, vary by work tasks and

safety needs of an individual unit, and include education, awareness,

engagement, and activities. Some examples include reviewing current

fall prevention policies; updating safety procedures or Job Hazard

Analyses (JHA) with input from both workers and leadership; refining

a safety training to include more hands‐on components; improving

consistency in work task language; developing innovative procedures

to reduce fall risk (e.g., using drones for roof inspections rather than a

ladder); collaborating with engineers to redesign tools and equipment

(e.g., aircraft maintenance stands). The AFFPF supports the DAF

Occupational Safety, Fire, and Health standards (AFI 91‐203), which

is required by the Air Force, but also the Occupational Safety and

Health Administration. Relevant sections from this policy include:

Chapter 7 (Walking–Working Surfaces) and Chapter 13 (Fall Pro-

tection), Chapter 16 (Mobile Elevating Work Platforms and Scaf-

folding), as well as potentially relevant parts of several other chapters
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(e.g., Chapter 17 on signage).21 The AFFPF includes many resources

to assist in fall prevention activities in a centralized location. The DAF

Safety Center produces the Annual Fall Protection Field Guide to

highlight fall protection activities throughout the DAF. Each year

focuses on key safety guidance and real examples of safe work

practices from DAF workers. Essentially, the AFFPF is a bundled

intervention designed to reduce fall injuries among DAF personnel

“considering the relevance, acceptability, feasibility, affordability,

effectiveness and impact of the recommendation in the local

context.”19

The National Institute for Occupational Safety and Health

(NIOSH) partnered with AFSEC to examine the impact of the AFFPF.

Throughout this evaluation analysis, the AFFPF will be referred to as

the “Bundled Fall Prevention Program” (BFPP). The purpose of this

study is to describe the burden and risk factors associated with fall

injuries in the DAF and to evaluate the effectiveness of the combined

effect of the BFPP in reducing the burden of fall injuries, rather than

an individual intervention component.

2 | METHODS

The AFSEC shared injury event data from 2008 to 2018 with NIOSH

for collaborative analysis of injury events to estimate the reduction in

noncombat, occupational falls attributable to the BFPP. The data

were described by demographic and injury variables, and rates were

calculated per 1000 workers. A longitudinal, retrospective, pre–post

study was used to evaluate the change in fall injuries due to imple-

mentation of the BFPP beginning in 2013. The total study period

included the years 2008–2018, where 2008–2012 is referred to as

the pre‐period and 2013–2018 as post‐period. The pre‐period

included ongoing safety improvements as routinely implemented by

the AFSEC across the DAF. The post‐period included those ongoing

safety improvements in addition to the BFPP. This activity was re-

viewed by CDC, deemed research not involving human subjects, and

was conducted consistent with applicable federal law and CDC

policy.*

2.1 | Data collection and definitions

2.1.1 | Population description

The study population included the entire enlisted, commissioned, and

employed population of the DAF. Employment within the DAF is

mainly comprised of active‐duty military enlisted, military officer, and

federal civilians.22 Enlisted are more often in tactical positions and

perform the more physically demanding jobs. Officers are more often

in management positions. Active‐duty military personnel often

change locations every 2–3 years based on priorities and policies,23

and are promoted out of physically demanding positions. By com-

parison, civilian workers are less geographically mobile, typically older

than their military counterparts, and remain in physically demanding

jobs. Contracted employees were not a focus of this study because

injury reporting is the responsibility of contract employers.

The DAF Interactive Demographic Analysis System (IDEAS) is an

internal, web‐based application that provides accurate personnel

demographics data for DAF members. Military demographics are

updated weekly, and civilian demographics are updated monthly. The

data represent the whole population of military and civilian workers,

rather than a sample. To calculate fall injury events rates by occu-

pation, occupation groups were matched between military and

civilian workers based on tasks and reviewed for accuracy by a DAF

human resources specialist.

2.1.2 | Microdata and variables

Before 2008, collection of safety events was not centralized and

occurred at the unit level by safety professionals. Since 2008, the

DAF has collected detailed information on all safety events among

on‐duty civilian workers and military workers (on‐ and off‐duty) using

the centralized Air Force Safety Automated System (AFSAS). Safety

professionals are stationed at each base. Military safety personnel

typically rotate every 2 years, while civilian safety personnel may

continue in their positions for longer durations. Safety personnel

communicate regularly with the AFSEC and receive recurring policy

updates to accommodate the worldwide distribution of the DAF.

Safety personnel are required to report and investigate every

recordable injury event according to the DAF policies. The authors

are unaware of any changes to these reporting requirements during

the study timeframe from 2008 to 2018.24 After a safety event oc-

curs, onsite safety professionals collect information about the event

circumstances and the injured worker, including information from

medical reports. Information is entered into AFSAS, which allows

detailed injury event information sharing DAF‐wide for safety pro-

fessionals. Quality control reviews are required locally at the Major

Command level of the Air Force and again at the AFSEC Division level

(including separate QC for Aviation and Occupational Safety, which

would both be included in the AFSAS data for this analysis). A training

manual with instructions for entering and retrieving data and AFSEC

training courses are available to personnel and are frequently up-

dated with improvements.24 The deidentified data set used in this

study included demographic variables (injured worker sex, age,

occupation, personnel status (Enlisted, Officer, or Civilian), duty sta-

tus) and injury variables (severity, days away from work, injured body

part, injury mechanism, object associated with injury).

2.1.3 | Case definition and inclusion criteria for
analysis

Noncombat safety events are defined as an incident involving an

injury or property damage regardless of the person's duty status for

military workers or for on‐duty civilian workers. Severity is catego-

rized according to one of five classes that are comparable to external
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injury reporting systems. During the period of this study, the most

severe, a class A event includes a fatality, an injured person with

100% permanent disability, or over $2 million in damage; a class B

event includes an injured person with permanent partial disability, or

over $500,000 in damage; a class C event includes an injured person

who missed at least 1 day of work, beyond the day of injury; a class D

includes a person who received medical treatment beyond first aid;

class E events include minor injuries and certain identified hazards.

Class E events are not always required to be reported and do not

always result in any injury.24

Injuries were categorized by injury mechanism, which is an

AFSEC‐internally developed three‐tier categorical variable based on

International Classification of Diseases, Ninth Revision (ICD‐9), that

first classifies events into 16 broad categories, and subsequently

refines the definition of injury events. Falls were identified as one of

the 16 broad categories (Tier 1), and subsequently classified into the

type of fall by the Tier 2 of injury mechanism, including falls on the

same level, falls to a lower level, and other types of falls (e.g., jump

into water).

Severity classes A, B, C, or D were included. Injury events in this

analysis included those categorized as aviation, ground, or motor

vehicle. If an injury event involved an aircraft (e.g., during mainte-

nance activities), then it may still be categorized as an “aviation”

event. Injury events were excluded if they were related to combat,

weapons, boating, swimming, or space activities. Although AFSAS

captures off‐duty events for military workers, this analysis included

only on‐duty events. AFSAS excludes events related to criminal

activity, self‐harm, or events involving worker dependents. The vast

majority (99.8%) of fall injury events involved only one person,

therefore we only examined information regarding the first person

for injury events even if more than one person was involved in the

event. Injuries involving contractors, military personnel from other

branches and reserve personnel were excluded from analysis because

the population counts were not available. For both descriptive sta-

tistics and modeling, a few cases of unknown age or unknown DAF

personnel category (n = 8) were dropped.

2.2 | Statistical methods

2.2.1 | Descriptive statistics

Fall injury counts and percentages between fiscal years 2008–2018

were produced by sex, age, personnel status, and fiscal year to assess

variability of falls across different demographics and time. Note that

the DAF fiscal year starts in October of the previous year, for ex-

ample, FY2013 started October 1, 2012 (Table 1). Percentages were

also generated for different types of injury characteristics. A

description of injury variables by type of fall was included in this

study as exploratory, for future research comparisons, and for tar-

geted prevention recommendations (Table 2). Injury variables provide

different types of exposures or risk factors associated with fall inju-

ries (e.g., Contact With Sharp Object, Non‐Powered Hand Tool).

Rates per 10,000 workers and rate ratios (RRs) were produced for

demographics groups. Reference groups were chosen as those with

the lowest rate and the largest population. Workers in the Air Force

often perform similar duties regardless of their personnel

status (military vs. civilian). Therefore, occupation groups were mat-

ched between military and civilian workers based on tasks and re-

viewed for accuracy by a DAF human resources specialist. This

allowed calculation of annual rates by occupation group to under-

stand risk of falls by overall burden (number of fall events) and the

rate per 10,000 workers of fall events (Figure 2). All these were

calculated with corresponding confidence intervals (CI) using SAS 9.4,

PROC STDRATE, and PROC GENMOD procedures (Table 3).

2.2.2 | Design‐adjusted statistical model for
evaluation

The aggregate RR of fall injuries was evaluated using two approaches:

(1) Overall aggregate change in pre‐ and post‐periods without any

adjustment (RRUnAdj). (2) Yearly change in pre‐ and post‐periods using

fitted slopes and adjusting for covariates (RRAdj).

2.2.3 | Unadjusted aggregate pre‐post change

The overall observed aggregate RR between pre‐periods and post‐

periods was calculated from the data based on the following formula

(Equation 1). In this approach, data from the entire pre‐period and

entire post‐period were aggregated to estimate the RR without any

adjustment.

















Aggregate Rate Ratio Between Pre

and Post

Total Injury Between to

Total Worker Population Between to

Total Injury Between to

Total Worker Population Between to

(2008 − 2012)

(2013 − 2018)

=
2013 2018

2013 2018

2008 2012

2008 2012

(1)

2.2.4 | Adjusted aggregate yearly pre–post change

To adjust for the longitudinal effect (i.e., year‐to‐year fluctuation)

and the covariates, a 2‐slope longitudinal model was developed

to evaluate how injury rates changed year‐to‐year during the pre‐

period (slope βpre) and the post‐period (slope βpost) after adjusting

for gender, age category, and personnel category. The pre‐period

slope (βpre) essentially implies the change due to ongoing safety

improvements, while the post‐period (slope βpost) implies the

change due to both—the BFPP and the ongoing safety improve-

ments. Adjusting for covariates essentially implies how much

increase or decrease in injury rates is expected for a specific

category compared to the reference category. The BFPP was not
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applied at the individual worker level but at the overall DAF

population level, therefore the same workers were not followed

over time in this prestudy and poststudy design. Based on the

exploratory analysis, a factor‐level combination of gender, age

category, and DAF personnel category (e.g., male civilian workers

in the <30 years old age group) showed a different count of falls

due to imbalance in these covariates (Table 1). The following

statistical model generated inference on the change of injury

rates of pre‐ and post‐periods after adjusting for the covariates

and confounding (see Equation 2).







Log E y Log

μ

N
β β Gend β AgeCat β

AFgroup β Time β Time

( ) = = + + +

+ +

ijkt
ijkt

ijkt
i i j j k

k pre pre post post

0
(2)

yijkt is the number of cases of injury in gender i, age category j, DAF

personnel category k, and year t, and Nijkt is the corresponding DAF

population (offset).

μijkt is the expectation of yijkt where y Pois μ~ ( )ijkt ijkt or

y NB μ θ~ ( , )ijkt ijkt distribution; and ( )Log
μ

N

ijkt

ijkt
is the logarithm of inci-

dence RR of injury.

Longitudinal intervention (continuous)

β slope of the injury trend between to= 2008 2012pre

β slope of the injury trend between to=           2013 2018post

Year

t = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 timepoints

(for 2008 to 2018)

Time = 1, 2, 3, 4, 5 timepoints (for 2008 to 2012)pre

Time = 1, 2, 3, 4, 5, 6 timepoints (for 2013 to 2018)post

Demographic strata

i = 1, 2 gender

j = 1, 2, 3, 4, 5 age categories

k = 1, 2, 3 Air Force personnel categories

Generalized Estimating Equations (GEE) were employed to

adjust for the potential serial correlation25 within each demo-

graphic stratum across time (2008–2018) for longitudinal data. Six

GEE models were executed with Poisson and negative binomial link

functions for count outcome data,26 with repeated statement,

under the covariance structures of autoregressive (AR1), compound

symmetry (CS), and independent (IND). The parsimonious model

(i.e., best‐fitted model) was selected based on the lowest quasi‐

likelihood information criterion (QIC).27 The negative binomial

model with independent covariance structure (i.e., no evidence of

serial correlation in residual) had the lowest QIC among the six GEE

models. Hence, the final model was selected as the negative

binomial model without any adjustment for serial correlation. All

models were estimated using PROC GENMOD in SAS 9.4. Adjusted

rate ratios (RRAdj) were calculated by exponentiating the model

coefficient e( )β ; and the percentage increase or decrease were

calculated by subtracting 1 from the RRAdj then multiplying by 100,

that is, e( − 1) × 100β .

Since the pre‐period (2008–2012) slope is a measure of

ongoing safety improvements while the post‐period (2013–2018)

slope is a measure of BFPP and the ongoing safety improvements,

the unique BFPP contribution of the RR was estimated by sub-

tracting the pre‐period slope (βpre) from the post‐period slope

(βpost) (see Equation 3).

eEstimated BFPP Contribution of Rate Ratio = β β Time( − )×post pre post (3)

3 | RESULTS

From 2008 to 2018, there were a total of 95,805 injury events

recorded in AFSAS in a deidentified data set. Of these, 4900 were

excluded due to zero injury cost, which indicated an event

involving property damage rather than injury events. Another

15,982 injury events were excluded among reserve, contract,

other military agencies, and other/unknown personnel types.

Weapons‐related military‐specific events (n = 109), off‐duty injury

events (n = 15,238), and events with an unknown worker age

(n = 8) were also excluded. A final count of 59,568 on‐duty injury

events involving at least one injury requiring medical attention

were included in this study. For all injury events, the most com-

mon on‐duty injury mechanisms involved objects (19,778, 33.2%),

overexertion (11,835, 19.9%), falls (9,522, 16.0%), and sports

(8,544, 14.3%).

3.1 | Descriptive statistics of injury events

3.1.1 | Descriptive statistics of population and fall
injury events

Table 1 describes the numbers of workers, the numbers of injuries,

and percentages of injury events for each type of injury. Enlisted

military workers represented the largest number of workers and had

the largest number of non‐fall injuries. By comparison, the highest

proportion of fall‐related injury events were reported for Civilian

workers. Annually, the number of workers overall remained stable,

but both the number of non‐fall injuries (−23.9%), falls on the same

level (−47.2%), and falls to a lower level (−44.5%) decreased. The

number and rate of all fall injuries combined consistently decreased

during the 11‐year period from 22.0 fall injuries per 10,000 workers

in 2008 to 11.5 per 10,000 workers in 2018 (Figure 1).

SOCIAS‐MORALES ET AL. | 1139
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3.1.2 | Descriptive statistics of injury events by type
of fall

Table 2 examines injury events in more detail by severity (days away

from work and severity class), injury mechanism, and object involved

in the injury. Both falls on the same level and falls to a lower level had

a significantly higher mean days away from work compared to all

other injury events (Table 2). Similarly, both types of falls were

classified as class C in higher proportions compared to all other injury

events. Very few injuries related to falls were classified as class A or B

severity (<0.1%). Most falls on the same level were related to the

injury mechanism of a slip, trip, stumble (68.8%), or same level caused

by ice or snow (27.3%). Most objects associated with falls on the

same level included Miscellaneous (29.9%) and Roadway/Roadway

Components (18.2%). The most common injury mechanisms among

falls to a lower level included Slip, Trip, Fall From/On Stairs, Steps, or

Curb (48.8%) and Fall On/From Ladder or Scaffolding/Stands (19.1%)

with the most common objects associated with Aircraft (26.8%)

TABLE 1 Demographic and work characteristics by type of injury event—US Air Force, 2008–2018.

Worker population
(2008–2018)

Injury events without
a fall Falls on the same level Falls to a lower level

Number % Number % Number % Number %

All injury
events

(N = 59,568)a

5,219,135 100% 50,046 84.0% 6440 10.8% 3048 5.1%

Sex

Men 4,024,396 77.1% 41,863 83.7% 4297 66.7% 2164 71.0%

Women 1,194,739 22.9% 8183 16.4% 2143 33.3% 884 29.0%

Age group

<30 years 2,167,325 41.5% 28,592 57.1% 2376 36.9% 1262 41.4%

30–39
years

1,388,502 26.6% 10,869 21.7% 1187 18.4% 581 19.1%

40–49
years

835,731 16.0% 5462 10.9% 1041 16.2% 470 15.4%

50–59
years

637,040 12.2% 4135 8.3% 1332 20.7% 542 17.8%

60+ years 190,537 3.7% 988 2.0% 504 7.8% 193 6.3%

Personnel status

Enlisted 2,839,787 54.4% 32,215 64.4% 2,835 44.0% 1388 45.5%

Officer 696,859 13.4% 3102 6.2% 289 4.5% 151 5.0%

Civilian 1,682,849 32.2% 14,729 29.4% 3316 51.5% 1509 49.5%

Fiscal year

2008 461,943 8.9% 4642 9.3% 669 10.4% 348 11.4%

2009 475,323 9.1% 5057 10.1% 643 10.0% 373 12.2%

2010 487,358 9.3% 5429 10.9% 767 11.9% 359 11.8%

2011 492,259 9.4% 5470 10.9% 762 11.8% 368 12.1%

2012 485,946 9.3% 5312 10.6% 636 9.9% 330 10.8%

2013 480,475 9.2% 4908 9.8% 621 9.6% 292 9.6%

2014 462,496 8.9% 4178 8.4% 604 9.4% 227 7.5%

2015 458,436 8.8% 4061 8.1% 504 7.8% 198 6.5%

2016 466,649 8.9% 3827 7.7% 437 6.8% 178 5.8%

2017 471,325 9.0% 3631 7.3% 444 6.9% 182 6.0%

2018 476,925 9.1% 3531 7.1% 353 5.5% 193 6.3%

aIncludes 34 fall injuries classified as “other/unknown” that are not presented in the table.
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Buildings and Structure Components (24.9%). In contrast, all other

injury types had more variety in the types of injury mechanisms,

including: Striking Against Objects (12.6%), Strenuous Movements

(12.5%), and Contact With Sharp Object (9.5%); as well as more

variety in the objects associated with injuries: Miscellaneous (26.0%),

Aircraft (20.0%), and Tools and Machines (11.8%).

3.1.3 | Descriptive statistics of fall injury events by
occupation

Separately, we examined the number of fall injuries (Figure 2A) and

the rate of fall injuries per 10,000 workers (Figure 2B). Aircraft

maintenance workers consistently had the highest number of fall

injuries, followed by law enforcement, safety, and investigations

occupations, and engineering and construction occupations. How-

ever, metal work occupations had the highest rates of fall injuries

compared to all other occupational groups (Figure 2B). The next

highest rates were among maintenance occupations and aircraft

occupations. Both numbers and rates of fall injuries trended down-

ward for all occupational groups.

3.2 | Evaluation of bunded fall prevention program

3.2.1 | Inference on demographics

Model adjusted rate ratios indicated, compared to the age group

30–39 years (reference group), the age group <30 years has an ex-

pected 1.32 times (32.2%) more incidence rate of falls, the age group

50–59 years has an expected 1.36 times (35.9%) more incidence rate

of falls, and the age group 60+ years has an expected 1.69 times

(69.2%) more incidence rate of falls with the remaining predictor

values held constant (at the reference level). The age group

40–49 years has about the same incidence rate of falls as the ref-

erence group (30–39 years, Table 3). Females had an expected 1.45

times more (44.5%) incidence rate of falls compared to males

(reference group) with the remaining predictor values held constant.

Compared to the Officer personnel category (reference group), the

Enlisted personnel had an expected 1.99 times (98.9%) more inci-

dence rate of falls, and the Civilian personnel had an expected 3.87

times (286.6%) more incidence rate of falls with the remaining pre-

dictor values held constant. See Table 3 for all confidence intervals.

3.2.2 | Aggregate change of pre‐post‐period
(RRUnAdj)

The overall aggregate RR (using Equation 1) between pre

(2008–2012) and the post (2013–2018) period indicated a 31.0%

(95% CI: 28.2%, 33.8%) decrease in falls. This observed aggregate RR

does not account for the longitudinal year‐to‐year fluctuations within

a pre‐period or the post‐period, or for the imbalance in covariate

groups.

3.2.3 | Inference on pre‐post‐period (RRAdj)

The longitudinal 2‐slope model estimated a nonsignificant decreasing

trend (slope) of 0.7% per year (p = 0.6097) for the pre‐period

(2008–2012), and a significant decreasing trend (slope) of 11.0%

per year (p < 0.0001) for the post‐period (2013–2018). After

F IGURE 1 Number and rate of on‐duty fall injuries—US Air Force, 2008–2018.
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TABLE 2 Injury characteristics by type of Fall Injury Event—US Air Force, 2008–2018.

Injury events without a fall Falls on the same level Falls to a lower level

DAFWa (Mean (95% CI))

7.9 (95% CI 7.6–8.2) 12.1 (95% CI 11.2–13.0) 12.3 (95% CI 11.0–13.6)

Injury severity

Class A + B 161 0.3% – – 4 0.1%

Class C 10,090 20.1% 2225 34.5% 1077 35.3%

Class D 39,869 79.6% 4224 65.5% 1967 64.5%

Injury mechanism associated with injury event

Striking against objects 12.6% Same level—slip, trip, stumble 68.8% Slip, Trip, Fall From/On Stairs, Steps, or Curb 48.8%

Strenuous movements 12.5% Same level caused by ice or snow 27.3% Fall On/From Ladder or Scaffolding/Stands 19.1%

Contact with sharp object 9.5% Same level due to collision with/
push by, other person

3.9% From one level to another (excluding more
specific causes below)

14.6%

Struck by object 8.4% Fall involving chair 6.2%

Lifting, handling, or carrying 7.3% Fall from aircraft surface or fuselage/
cargo hold

4.5%

Jogging/running 6.8% Fall from, out of, or through building or
structure (excludes falls from balcony)

1.9%

Caught, crushed, jammed, or pinched
in/between objects

6.3% Fell off pole, usually utility 1.5%

Basketball 4.4% Fall involving other furniture 1.3%

Nonpowered hand tool 2.7% Fall from edge 1.0%

Repetitive movements 2.5%

Football, flag/touch 2.2%

Exercising/calisthenics 2.0%

Objects associated with injury event

Miscellaneous 26.0% Miscellaneous 29.9% Aircraft 26.8%

Aircraft 20.0% Roadway/roadway components 18.2% Buildings and structure components 24.9%

Tools and machines 11.8% Buildings and structure
components

14.4% Miscellaneous 15.5%

Vehicles 6.3% Aircraft 8.7% Furnishings/appliances 8.1%

Buildings and structure components 4.6% Vehicles 4.8% Nonpowered AGE 5.8%

Aircraft/RPA component 4.5% Furnishings/appliances 3.5% Roadway/roadway components 4.6%

Containers 4.4% Tools and machines 3.2% Vehicles 4.2%

Furnishings/appliances 4.2% Containers 2.8% Buildings and structures 3.3%

Nonpowered AGE 3.1% Construction/building materials 2.5% Containers 1.0%

Construction/building materials 2.6% Nonpowered AGE 2.0% Aircraft/RPA component 0.9%

Powered AGE 1.8% Powered AGE 1.8% Construction/building materials 0.9%

Animals 1.7% Airfield/airfield components 1.2% Towed equipment 0.9%

Vehicle components 1.5% Tools and machines 0.9%

Roadway/roadway components 1.3% Vehicle components 0.6%

Electrical/communications equipment 0.3%

aDays Away From Work (DAFW). Class C only, excludes injury events with 0 DAFW.
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F IGURE 2 Number (A) and rate (B) of Fall Injury events by occupation group, US Air Force, 2009–2018.
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subtracting for the ongoing safety improvements of the pre‐period

from the post‐period (Equation 3), the estimated BFPP contribution

showed a significant decreasing trend (slope) of 10.4% per year

(p < 0.0001). This BFPP contribution of a yearly 10.4% decrease

resulted in a cumulative 48.3% (95% CI: 41.4%, 54.3%) total reduc-

tion within this 6‐year post‐period.

Figure 3 displays the year‐to‐year change in slope (β), converted

into RR and then into percentage change. The small circles are the

cumulative year‐to‐year rate ratios observed from the data. Table 4

aids Figure 3 by describing the cumulative estimate of the inter-

vention RR (difference between slopes of post‐periods and the pre‐

periods) and the corresponding percentage decrease for years 1 to 6.

In summary, the rate of fall injury events was 48.3% lower than ex-

pected in 2018 due to the implementation of the BFPP (Table 4).

4 | DISCUSSION

4.1 | Summary of findings

Safety in the DAF involves a comprehensive approach as repre-

sented by the AFFPF. The collective safety countermeasures

incorporate ongoing updates to policies, procedures, and activi-

ties, with adaptations to worker tasks and geographic conditions.

Some themes emerged from the AFFPF, such as always including

a “wing man,” the importance of hazard communication and

reporting at all personnel levels and using prevention counter-

measures from all aspects of the hierarchy of controls. This

includes hazard removal, engineering controls, training, and per-

sonal protective equipment usage. All injury events, particularly

falls, decreased among DAF both military and civilian workers

from 2008 to 2018. When examining fall injuries by occupational

groups, all rates trended downward during the period even after

adjusting for gender, age, and personnel categories. Implemen-

tation of the AFFPF in the post‐period (2013–2018) resulted in a

6‐year cumulative, year‐to‐year 48.3% (95% CI: 41.4%, 54.3%)

reduction in the rate of fall injuries.

The findings of this study can be adapted to workers in

industries with high burden of fall injuries and fatalities, such as

construction. Similar to our findings in DAF workers, Scott and

colleagues found that injuries due to falls on the same level oc-

curred more often to women and workers in older age groups.28

The construction industry experiences the most fatal work‐

related falls compared to any other private US‐industry.4,10 Pri-

vate sector employers may draw from the DAF Fall Prevention

resources to improve safety programs and reduce injuries

involving falls. Engineering controls might also focus on

employer‐provided footwear,29,30 which has been shown to

support reductions in falls as part of a comprehensive safety

program. Other efforts should include continued focus on lead-

ership and safety communication, which is a common safety

intervention in construction.31

TABLE 3 Observed (unadjusted) rates, rate ratios, and pre‐post model adjusted rate ratios of on‐duty fall injuries by age, gender, and
personnel status—US Air Force, 2008–2018.

Rate per 10,000
workers (95% CI)

Observed (unadjusted)
rate ratio (95% CI)

Pre‐post and covariate
adjusteda rate ratio
(95% CI)

Male 16.1 (15.7, 16.5) Ref Ref

Female 25.4 (24.5, 26.3) 1.57 (1.51, 1.64) 1.45 (1.34, 1.56)

<30 years 16.9 (16.3, 17.4) 1.32 (1.25, 1.40) 1.32 (1.20, 1.46)

30–39 years 12.8 (12.2, 13.4) Ref Ref

40–49 years 18.1 (17.2, 19.0) 1.42 (1.32, 1.52) 1.00 (0.90, 1.12)

50–59 years 29.4 (28.1, 30.8) 2.30 (2.16, 2.46) 1.36 (1.20, 1.54)

60+ years 36.6 (33.9, 39.3) 2.86 (2.62, 3.13) 1.69 (1.47, 1.95)

Officer 6.4 (5.8, 7.0) Ref Ref

Enlisted 15.0 (14.5, 15.4) 2.35 (2.13, 2.59) 1.99 (1.76, 2.25)

Civilian 28.7 (27.9, 29.5) 4.50 (4.09, 4.96) 3.87 (3.41, 4.38)

Slope (year‐to‐year)

Pre (2008–2012) – – 0.993 (0.966, 1.020)

Post (2013–2018) – – 0.890 (0.869, 0.911)

Diff (Post‐Pre) – – 0.896 (0.878, 0.915)

aAdjusted by gender, age, and Air Force Personnel Group.
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4.2 | Strengths and limitations

An important strength of this study is the ongoing AFSAS surveillance

system. Other studies in military populations have relied on limited safety

information from medical records,9,32,33 however AFSAS injury reports

include more detail than medical records, such as injury mechanism, work

task/activity, injured worker job series for both military and civilian

workers, and event narrative. Other military branches rely solely on

medical records to understand changes in injury patterns over time.

Medical records are vital to describe the overall picture of injuries and

health of services members.34 AFSAS only captures those injury events

that occur within the scope of work‐related activities which represents

substantially fewer injuries compared to those captured by service

member medical records. However, work‐related injury events are par-

ticularly relevant for formulating prevention efforts during work tasks.

Medical records may be limited in their ability to detect granular changes

in injury rates by occupational group and access may be limited to safety

professional directly implementing local safety programs. AFSEC should

continue to utilize the AFSAS system, which was recently expanded to

the Department of the Navy and may also be utilized by other military

branches. AFSAS reports include structured, hierarchical variables that are

input and coded by safety professionals during injury event investigations.

This system provides more information to guide prevention efforts. With

any injury‐reporting surveillance system, we may be missing a few injuries

due to misclassification or underreporting. However, the Air Force is

minimizing this by requiring several levels of review and quality control

for each reported injury event. We wouldn't expect underreporting to

change over time because the reporting requirements and methods have

remained the same, therefore the downward trends should not be

affected by misclassification or underreporting. Injuries may also be

captured in AFSAS that were not recorded in DoD medical facilities, such

as minor injuries that required days away from work.

Our analysis benefits from a comparison of fall injuries to non‐fall

injuries. We also show that falls to a lower level decreased more during

the time period compared to falls on the same level. This difference

revealed the positive safety impact on the BFPP, which was most pro-

nounced in falls to a lower level. Another benefit is the inclusion of both

injury counts and rates for understanding changes in fall injury events

over time, even among different occupation groups (Figure 2A,B).

This study includes some limitations. We excluded events that did

not involve an injury. Events that involved property damage were

recorded in AFSAS and future studies may include noninjury events to

examine cost effectiveness of prevention efforts. Errors in injury type

categorization are certainly possible, but we wouldn't expect that to

change over time. On the contrary, we would expect more injury

events to be categorized as a fall over time rather than “other” as the

system became more familiar to safety professionals. Furthermore,

controlling the extraneous variables is another challenge that could

potentially influence any study outcome.35 Another limitation is

the years of data in this study stopped at 2018. Future analyses might

also include more recent years of data and comparisons of injury

events before and after the COVID‐19 pandemic.

TABLE 4 Estimates of Bundled Fall Prevention Program (BFPP) contribution of the post‐period (2013–2018) after adjusting for the ongoing
safety improvements of the pre‐period (2008–2012)—US Air Force, 2008–2018.

Year Timepost

Cumulative rate ratio due to BFPP after
adjusting for pre‐period trend (95%
CI) e β β Time( − )×post pre post

Cumulative percent
decrease due to BFPP
(95% CI)

2013 1 0.896 (0.878, 0.915) −10.4 (−12.2, −8.5)

2014 2 0.803 (0.770, 0.837) −19.7 (−23.0, −16.3)

2015 3 0.719 (0.676, 0.766) −28.1 (−32.4, −23.4)

2016 4 0.645 (0.593, 0.700) −35.5 (−40.7, −30.0)

2017 5 0.578 (0.521, 0.641) −42.3 (−47.9, −35.9)

2018 6 0.517 (0.457, 0.586) −48.3 (−54.3, −41.4)

F IGURE 3 Percent decrease in All Fall Injuries during the pre‐
period (2008–2012, blue solid line), during the post‐period (2013–
2018, green solid line), and after adjusting for the pre‐period ongoing
safety improvements trend (purple dashed line). The small circles are
the cumulative year‐to‐year rate ratios observed from the data.
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AFSAS does not capture certain demographic information, such as

race or ethnicity, which may be helpful to identify any gaps in equity

surrounding work‐related injuries. Due to jurisdictional restrictions, inju-

ries among contract workers are not systematically captured in AFSAS

because they are not employed by the DAF. Generally, reserve, con-

tractors, and other workers would benefit similarly from prevention ef-

forts given the close proximity of work. Another limitation of this study is

that we could not examine the efficacy of individual interventions, but

rather the impact of the overall BFPP. However, given the size of the

organization and the variability of worker safety needs, it is impractical to

examine each individual component's contribution to safety. Instead,

we were able to globally assess the effectiveness of the comprehensive

effort. The strength of the AFFPF is in the comprehensive collective

effort, rather than discrete initiatives. Another strength of this study is

that it evaluates how the intervention deployment works when applied to

a large‐scale DAF population level instead of a DAF sample level. Walsh

et al., suggests “Population‐level [intervention] approaches have large

potential effectiveness, economic, sustainability, and equity benefits over

individual‐level approaches,” since it targets the risk profile of an entire

community or sub‐population instead of an individual profile.36

5 | CONCLUSIONS

Work‐related falls continue to represent a substantial burden of inju-

ries. Multifaceted programs contribute to improving safety more than

the sum of the individual components since each work setting is

unique and requires a customized approach. AFSAS allows longitudinal

quantification of the changes in injury frequency and demonstrates the

value of safety program initiatives, especially for falls to a lower level.

The emphasis of fall prevention efforts was on falls to a lower level,

and the largest reduction occurred among falls to a lower level. Future

prevention efforts to reduce falls should continue to focus on falls to a

lower level and add emphasis on falls on the same level which account

for more types of falls (albeit less severe). Future research should focus

on more detailed trend analyses to understand the changes in risk

among more refined groups (e.g., occupation groups) and directly

compare fall injuries to all other types of injuries. Findings from this

study contribute to the expanding body of knowledge on work‐related

fall prevention by providing valuable examples of fall prevention ef-

forts, especially for workers in high‐risk industries.
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